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7-187620 

[Title of the Invention] 

Production Method of Aluminum Nitride Powder with High Purity 
[Abstract] 

[Constitution]" To produce an aluminum nitride powder with high purity 
suitable for a semiconductor peripheral material by causing vapor phase 
reaction of an organoaluminum refined by distillation with ammonia at 400 
to 1200°C and firing the produced precursor at 1600 to 1900°C after 
decarbonization treatment. 

[Effect]' It is possible to obtain an aluminum nitride powder with high 
purity which scarcely contains uranium and thorium and scarcely 
radioactive, which has a proper average particle size of 2 to 10 jam, a low 
oxygen concentration, high thermal conductivity, good sintering property 
and formability, and which is suitable for a substrate for a highly integrated 
semiconductor. 

[Claim] 

1. A production method of an aluminum nitride powder with high 
purity by vapor phase reaction of an organoaluminum compound with 
ammonia, the method comprising: refining the organoaluminum compound 
by distillation; causing reaction with ammonia at 400 to 1200°C; and firing 
the obtained precursor at 1600 to 1900°C. 

[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention] 

The present invention relates to a production method of an 
aluminum nitride powder. More specifically, the present invention relates 
to a production method of an aluminum nitride powder with high purity as a 
raw material of a low radioactive aluminum nitride sintered body which is 
suitable for a semiconductor peripheral material. 
[0002] 
[Prior Art] 

An aluminum nitride sintered body has drawn attention as a 
sintered material for various uses due to its high thermal conductivity, good 
corrosion resistance and high strength at high temperature. Above all, 
from the viewpoint of the high thermal conductivity, high resistance and 
well-balanced electric characteristics, applications as a semiconductor 
substrate material have been rapidly widened. Recent progress of high 
integration of semiconductors is remarkable and the requests to a substrate 
become harder to satisfy. Powders with high purity have been obtained as 
shown in Ceramics 93 [9], 517 (1985) and the like among conventional 
aluminum nitride powders. 
[0003] 

Conventionally, the following two methods have been industrialized 
as synthesis methods of aluminum nitride powders. One is a direct 
nitridation method of nitriding a metal aluminum powder with nitrogen or 
ammonia gas, and the other is an alumina reducing method of firing a 
powder mixture of alumina (aluminum oxide) and carbon under reducing 
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atmosphere. Further^recently, a production method of aluminum nitride 
by vapor phase reaction of an organoaluminum and ammonia has been 
proposed. The metal aluminum or alumina to be used as raw materials for 
these methods are obtained by dissolving hydrated alumina, i.e., bauxite, as 
a raw material in an alkali; hydrolyzing it to obtain Al(OH) 3 ; and fiercely 
firing Al(OH)3 to 1000°C or more to obtain alumina. Further, the alumina 
is melted and electrolyzed with cryolite to obtain metal aluminum, 
[0004] 

It has been known that bauxite contains uranium and thorium. 
However, owing to their chemical properties, the uranium and thorium are 
difficult to be removed from aluminum by the above-mentioned process and 
the aluminum and alumina produced by such process inevitably contain 
uranium and thorium. 
[0005] 

Conventionally available aluminum nitride powders inevitably 
contain uranium and thorium since- they are produced from the foregoing 
raw materials. An organoaluminum similarly contains uranium and 
thorium. Table 1 shows the concentrations of uranium and thorium in 
representative commercially available metal aluminum particles and 
aluminum nitride powders. 



3 



[0006] 
[Table 1] 



Element to be 
contained 


Commercially 
available metal 
aluminum particle 


Aluminum nitride by 
direct nitridatdon 
method 


Aluminum nitride by 
alumina reducing 
method 


Uranium (ppb) 


500 


104 


700 


Thorium (ppb) 


20 


26 


19 



[0007] 

[Problems to be Solved by the Invention] 



However, along with the progress of high integration of 
semiconductors in these years, not only the thermal conductivity of the 
material but also radiation which the material radiates, that is, the 
concentrations of radioactive elements such as uranium, thorium and the 
like contained in material has been revealed as problems. That is because 
the probability of occurrence of erroneous operation, so-called soft error, 
attributed to a-ray radiated from the radioactive elements is increased more 
as the integration degree is heightened more. 
[0008] 

For example, a DRAM, which is one of memory elements with a 
remarkably high integration degree among semiconductors, stores data 
based on the existence of a few carrier charges in a storage type capacitor 
and since a-ray (about 5 MeV per one a particle) radiated at the time of 
decay of a radioactive element such as uranium and thorium existing in a 
slight amount in a package material generates electron-positive hole pairs 
(about 1.4 x 10 6 /one a particle) in Si of a semiconductor element, when the 
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electric charge exceeds the critical electric charge, the data is reversed. 
[0009] 

Today, the allowable limit of this soft error is said to be about 1000 
FIT (l FIT = the probability of occurrence of one error in 10 3 hour) and, in 
order to satisfy such condition in the case of integration of 64 KBit DRAM or 
the like, it is required to suppress the content of uranium and thorium to be 
50 ppb or less (HIRAI, Bunseki, 9, 639 (1988)). 
[0010] 

Conventionally, so-called aluminum nitride powders with high 
purity have been commercially available and the high purity means that 
cation impurities such as Fe, Si, Ca and the like are scarce or that the 
oxygen content is little, however the content of radioactive elements is too 
high to use the powders for semiconductor substrates with high integration 
degree. 
[0011] 

Although the thermal conductivity of pure aluminum nitride is said 
to be about 320 W/m*K, such a high thermal conductivity has not been 
obtained yet for practical aluminum nitride in crystal state or ceramic form. 
The most influential cause is oxygen. Oxygen forms solid-solution (the 
limit of the solid-solution is about 0.5%) by substituting for nitrogen of 
aluminum nitride and, therefore, voids are formed at the sites of Al in the 
lattice to cause change from 27 to 0 in the atomic mass at the lattice sites. 
It is said that since phonon conduction is dominant for the thermal 
conduction of aluminum nitride, the thermal conductivity is considerably 
decreased owing to such a cause. 



[0012] 

Further, in the case oxygen exists exceedingly beyond the 
solid-solution limit or silicon oxide coexists, it is known that aluminum 
oxynitride is formed to result in further decrease of the thermal conductivity. 
Slack, et. al disclose that there is the following relationship shown with 
Equation 1 between the heat resistance K" 1 and oxygen content of an 
aluminum nitride sintered body and when 0 is extrapolated for the oxygen 
content, the thermal conductivity of the aluminum nitride becomes 319 
W/m*K. 
[0013] 

[Equation l] 

K" 1 = K _1 i theor 

+ OAn/n* 

(wherein C = 0.43, an experimental value; and An/n g denotes oxygen 
atom density (atom/cm 3 ). 
[0014] 

The matter of the oxygen impurity content not only concerns the 
production method but also is relevant to oxygen attributed to oxidation at 
the time of handing in the case of producing a sintered body from aluminum 
nitride. Aluminum nitride has a property that it easily react on water 
along with the following Chemical Reaction Formula 1 and when the 
particle size is excessively small, aluminum nitride is susceptive to 
oxidation by water in air at the time of handling to result in purity 
deterioration. Further, ammonia is simultaneously produced, so that it is 
expected to obtain aluminum nitride having higher stability in terms of 
improved working environments and safety. 
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[0015] 

[Chemical Formula 1] 

A1N + 3 H 2 0 -> Al(OH) 3 + NH 3 

[0016] 

[Means for Solving the Problems] 

In order to solve the above-mentioned problems, the present 
inventors have made investigations into a method for economically 
producing an aluminum nitride powder with high purity. Consequently, 
the present inventors have accomplished a production method of an 
aluminum nitride powder with a suppressed content of uranium and 
thorium, which has conventionally been said to be impossible, and 
completed the present invention. 
[0017] 

More specifically, according to the present invention, a production 
method of an aluminum nitride powder with high purity by vapor phase 
reaction of an or gano aluminum compound with ammonia, comprises: 
refining the organo aluminum compound by distillation; causing reaction 
with ammonia at 400 to 1200°C; and firing the obtained precursor at 160Q to 
1900°C. 
[0018] 

According to the method of the present invention, it is made possible 
to produce an aluminum nitride powder with high purity which has a 
content of thorium suppressed to 10 ppb or less and the total content of 
uranium and thorium suppressed to 50 ppb or less. As compared with a 
conventional aluminum nitride powder containing several hundreds by ppb 



and several tens by ppb of uranium and thorium, respectively, their 
concentrations are lowered to one tenth or less. That leads to proportional 
decrease of the probability of a-ray generation and thus it is innovative and 
industrially remarkably meaningful. 
[0019] 

Further, the average particle size of an aluminum nitride powder is 
desirable to be 2 to 10 |Jm as described later. The particle size in such a 
range can be easily obtained by the step of firing the precursor obtained by 
vapor phase reaction of an organo aluminum and ammonia in the method of 
the present invention at 1600 to 1900°C. When the particle size is 2 or 
less, the stability is deteriorated and the oxygen concentration is increased 
at the time of handling to result in easiness of ammonia generation. On 
the other hand, when it is 10 |im or more, the sintering property 
deteriorates and normal pressure sintering tends to be difficult. 
[0020] 

The organoaluminum to be used as a raw material of the present 
invention means AlRi R2 R3 (Ri, R2 and R3 denote combinations of one or 
more Ci to C4 alkyls such as CH3, C2H5, n-CsH?, i-CaH7, and the like) and 
they are similar to alumina in terms of utilization of metal aluminum as a 
raw material and the organoaluminum is synthesized by reaction of a. metal 
aluminum with hydrogen and ethylene -type hydrocarbons. 
[0021] 

Examples of a representative organoaluminum include 
triethylaluminum and triisobutylaluminum which are easy to obtain 
industrially, and they are respectively in liquid state at a normal 
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temperature and cannot be said to be so stable to heating; however, 
uranium, thorium and the like contained in raw materials can be removed 
by refining by vacuum distillation to increase the purity. 
[0022] 

However, since the organoaluminum is extremely active and 
impossible to handle in air, the contents of uranium and thorium cannot be 
measured previously; however, distillation refining of a commercially 
available organoaluminum at refluxing ratio 1 or more in theoretically 
two-step refining towers or more makes it possible to suppress thorium in 
synthesized aluminum nitride to 10 ppb or less and uranium and thorium to 
50 ppb or less in total. 
[0023] 

The present invention makes it possible to obtain an aluminum 
nitride with high purity which has an extremely slight content of uranium 
and thorium and synthesized using an organoaluminum compound, and 
which is refined by the above-mentioned method, by introducing the 
evaporated refined organoaluminum into a reactor by a carrier gas such as 
H2, N2, He, At and the like and simultaneously introducing NH3 into the 
reactor and causing vapor phase reaction of the organoaluminum and NH3 
at 400 to 1200°C. 
[0024] 

It is noted that the average particle size in the present invention 
means the size measured by a laser diffraction and diffusion type particle 
size distribution measurement apparatus. The concentration analysis of 
uranium and thorium is carried out using the analysis value by ICP-MS. 
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Further, analysis of oxygen concentration is carried out using an analyzer 

for analyzing oxygen/nitrogen in ceramic (EMGA-2800 manufactured by 

Horiba Manufacturing Co.). 

[0025] 

[Examples] 

Hereinafter, the present invention will be specificaly described by 
way of examples; however, the present invention will not be limited to these 
examples. 
[0026] 
Example 1 

After being synthesized, triethylaluminum was subjected to 
refining distillation in a theoretically 5-step refining tower at 135°C 
temperature, 14 mmHg pressure, and 1.5 refluxing ratio to obtain a raw 
material. An empty tower reactor controlled to be at 800°C by an 
externally heating furnace with an inner diameter of 8 cm and a length of 2 
m was loaded with NH3 at 660 g (38.8 mole)/h and the triethylaluminum 
refined by distillation at 240 g (2.11 mole)/h using nitrogen gas as a carrier 
to cause reaction and the reaction product in form of fume was collected by a 
sintered metal filter made of SUS 316 to obtain about 84 g of a product. 
[0027] 

After that, the aluminum nitride precursor was quantitatively and 
continuously supplied to a rotary kiln in which a part of the bent gas from 
the reactor was circulated to carry out decarbonization at 1200°C. The 
obtained product was put in a crucible made of carbon and heated to 1750°C 
in nitrogen atmosphere and kept at the temperature for 3 hours and then 
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cooled to a room temperature. The obtained white powder was subjected to 
ICP-MS analysis and laser diffraction, diffusion type particle size 
distribution measurement. The results are shown in Table 2. 
[0028] 
[Table 2] 



Firing temperature (°C) 


1750 


Average particle size (jim) 


2.9 


Specific surface area (m 2 /g) 


1.1 


Oxygen (%) 


0.22 


Uranium (ppb) 


2.5 j 


Thorium (ppb) 


1> 



[0029] 

Comparative Example 1 



An empty tower reactor controlled to be at 800°C by an externally 
heating furnace with an inner diameter of 8 cm and a length of 2 m was 
loaded with NH3 at 660 g (38.8 mole)/h and the triethylaluminum refined by 
distillation at 240 g (2.11 mole)/h using nitrogen gas as a carrier to cause 
reaction and the reaction product in form of fume was collected by a sintered 
metal filter made of SUS 316 to obtain about .84 g of an aluminum nitride 
precursor. 
[0030] 

After that, the aluminum nitride precursor was quantitatively and 
continuously supplied to a rotary kiln in which a part of the bent gas from 
the reactor was circulated to carry out decarbonization at 1200°C. The 
obtained product was put in a crucible made of carbon and heated to 1500°C 
in nitrogen atmosphere and kept at the temperature for 3 hours and then 
cooled to a room temperature. The obtained white powder was subjected to 
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ICP-MS analysis and laser diffraction, diffusion type particle size 
distribution measurement. The results are shown in Table 3. 
[0031] 
[Table 3] 



Firing temperature (°C) 


1500 


Average particle size (um) 


0.96 


Specific surface area (m 2 /g) 


3.8 


Oxygen (%) 


0.45 


Uranium (ppb) 


2.2 


Thorium (ppb) 


1> 



[0032] 



Comparative Example 2 

An empty tower reactor controlled to be at 800°C by an externally 
heating furnace with an inner diameter of 8 cm and a length of 2 m was 
loaded with NH3 at 660 g (38.8 mole)/h and triethylaluminum before 
refining at 240 g (2.11 mole)/h using nitrogen gas as a carrier to cause 
reaction and the reaction product in form of fume was collected by a sintered 
metal filter made of SUS 316 to obtain about 84 g of a product. 
[0033] 

After that, the aluminum nitride precursor was quantitatively and 
continuously supplied to a rotary kiln in which a part of the bent gas from 
the reactor was circulated to carry out decarbonization at 1200°C. The 
obtained product was put in a crucible made of carbon and heated to 1750°C 
in nitrogen atmosphere and kept at the temperature for 3 hours and then 
cooled to a room temperature. The obtained white powder was subjected to 
ICP-MS analysis and laser diffraction, diffusion type particle size 
distribution measurement. The results are shown in Table 4. 
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[0034] 
[Table 4] 



Firing temperature (°C) 


1750 


Average particle size (um) 


2.9 


Specific surface area (m 2 /g) 


1.1 


Oxygen (%) 


0.28 


Uranium (ppb) 


410 


Thorium (ppb) 


7 



[0035] 
Example 2 



3% by weight pf yttrium oxide was added to the aluminum nitride 
powder obtained in Example 1 and mixed evenly in ethanol. The mixture 
was dried and then about 2 g of the mixture was uniaxially molded at 300 
kg/cm 2 using a die with an inner diameter of 1 cm and further 
rubber-pressed at 1 t/cm 2 pressure to obtain a formed body. The formed 
body was kept at 1800°C for 3 hours in a carbon crucible to obtain a sintered 
body. The density of the sintered body was found to be 3.26 g/cc by 
measurement by Archimedes' method. The thermal conductivity was found 
to be 210 W/m»K by measurement by laser flash method using a specimen of 
the sintered body polished to have a thickness of 3 mm. 
[0036] 
Example 3 

Using the powders obtained by Example 1 and Comparative 
Example 1, the alteration of the concentration of the contained oxygen with 
the lapse of time was investigated by storing the powders in a desiccator 
containing a drying agent and in air at a room temperature to obtain the 
results shown in Table 5. 
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[0037] 
[Table 5] 



Days for 
storage 


Storage in desiccator 


Storage in air 


Example 1 


Comparative 
Example 1 


Example 1 


1 nTT^rtorof lTrn 

^UlXipdx dLlvc 

Example 1 


0 


ft oo 


0.45 


0.22 


0.45 


i 


0.24 


0.45 


0.26 


0.46 


2 


0.26 


0.45 


0.26 


0.46 


6 


0.26 


0.46 


0.28 


0.50 


10 


0.25 




0.28 




20 


0.26 


0.59 


0.31 


0.86 


29 


0.25 


0.68 


0.34 


1.20 



Note: the oxygen concentration in the table is based on wt.%. 

[0038] 
Example 4 



After the experiment of storage in air in Example 3, the aluminum 
nitride powder was sintered in the similar manner to Example 2 and the 
density and the thermal conductivity of the sintered body were measured to 
obtain the results shown in Table 6. 
[0039] 
[Table 6] 



Sample 


Oxygen 
concentration 
(wt.%) 


Density of sintered 
body (g/cc) 


Thermal 
conductivity 
(W/m*K) 


Example 1 


0.34 


3.26 


208 


Comparative 
Example 1 


1.20 


3.26 


149 
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[0040] 

Comparative Example 3 

An aluminum nitride precursor was obtained by reaction of NH3 and 
refined triethyl aluminum in the similar manner to Comparative Example 1 
and quantitatively and continuously supplied to a rotary kiln in which a 
part of the bent gas from the reactor was circulated to carry out 
decarbonization at 1200°C. The obtained product was put in a crucible 
made of carbon and heated to 1950°C in nitrogen atmosphere and kept at 
the temperature for 3 hours and then cooled to a room temperature. 
[0041] 

The obtained white powder was partially agglomerated anqLparticle 
size distribution was measured after the powder was pulverized in a mortar 
to find that the average particle size was 34 Jim. The powder was further 
subjected to SEM measurement to find that the powder was firmly 
agglomerated and partially sintered. And the partially agglomerated and 
coarsened particles could not be pulverized by an air current pulverizer. 
[0042] 

[Effects of the Invention] 

An aluminum nitride powder of the present invention scarcely 
contains uranium and thorium and a semiconductor substrate produced 
from it can be scarcely radioactive. The powder has a proper average 
particle size, a low oxygen concentration, high thermal conductivity and 
excellent sintering formability, and is thus suitable for high integration of 
semiconductors and remarkably advantageous for industrial uses. 
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